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METHOD, APPARATUS, SYSTEM AND
COMPUTER PROGRAM FOR DATA

DISTRIBUTION

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a US 371 application from PCT/
EP2018/070770 entitled “METHOD, APPARATUS, SYS-
TEM AND COMPUTER PROGRAM FOR DATA DISTRI-
BUTION™ filed on Jul. 31, 2018 and published as WO
2020/025114 A1l on Feb. 6, 2020. The technical disclosures
of every application and publication listed in this paragraph
are hereby incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to data communication and
distributed computing and, 1n particular but without limita-
tion, to a method, apparatus, system and computer program
for distributing data to geographically distributed end-user
devices.

BACKGROUND

Volunteer computing 1s a kind of distributed computing in
which computer owners can donate their spare computing,
resources (e.g., unused central processing unit (CPU) and
graphics processing unit (GPU) cycles, unused computing
power, available storage medium, Internet connection) to
one or more data processing projects, including, for
example, scientific research projects. The ever-increasing
demand for computing resources has promoted the scientific
communities to research and develop newer and more
cllicient frameworks for volunteer computing. All these
frameworks rely on the volunteer resources of individual
users and companies distributed worldwide. Among the best
known platforms are, for example, the Berkeley Open
Infrastructure for Network Computing (BOINC) and the
World Community Grid (WCGQG).

In particular, BOINC 1s a distributed computing infra-
structure based on a centralised server that coordinates
volunteer computer resources. Most BOINC projects use
volunteer compute resources coordinated by a centralized
server to which work tasks are also returned upon comple-
tion. A controlling server for a particular project hands out
blocks of work on request, records the returned results and
tracks the eflort of each participant. The volunteered
resources can come from a variety of types of systems
ranging from general-purpose computing on GPU (GPGPU)
to multiple powerful CPUs. A BOINC app also exists for
Android and allows every person owning an Android device
(c.g., smartphone, tablet, Kindle) to share their unused
computing power.

In particular, WCG enables anyone with a computer,
smartphone or tablet to donate their unused computing
power to advance cutting-edge scientific research on topics
that benefit humanity and are, for example, related to health
(e.g., new 1improvements in medical treatments and therapy
for cancer, HIV/AIDS and neglected tropical diseases),
poverty (e.g., low-cost water {iltration systems) and sustain-
ability (e.g., new materials for capturing solar energy efli-
ciently).

As other example projects, a list of recommended distrib-
uting computing projects can be found on the Internet at:
http://www.openscientist.org/p/distributed-computing-proji-
ect-open-for.html.
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However, computationally intensive or data intensive
tasks, such as scientific calculations, engineering calcula-
tions, video and/or audio processing, simulations, crypto-
graphic calculations, statistical calculations, financial calcu-
lations, medical calculations and data analysis among others,
requires extensive processing power. This kind of process-
ing job 1s usually done on supercomputers, computer farms
or wide-area distributed or grid computing platforms to
speed up. The supercomputers and computer farms require
high mitial costs, thereby impacting the price per computa-
tion unit/time, while the wide-area distributed platforms
require distributing data to the computing devices and using
conventional network infrastructure, such as Internet proto-
col (IP) networks, thereby complicating the process. More-
over, on wide area networks (WAN) such as Internet,
delivery of data or data portions to be processed via broad-
casting and/or multicasting 1s not permitted. Indeed, only
Internet Server providers (ISPs) can transmit broadcast
and/or multicast messages, but only through control packets
and only to their own backbone, thereby limiting the data
distribution tasks. Moreover, there 1s an ever-increasing
number of Internet of things (IoT) devices and content size
(such as high definition (HD) video) which daily use the

available network bandwidth, thereby reducing 1ts availabil-
ity.

SUMMARY

According to a first aspect disclosed herein, there may be
provided a method of distributing data from a transmitting
clectronic device to a plurality of geographically distributed
receiving electronic devices. The method may comprise
receiving, at the transmitting electronic device, an incoming
signal and data, the data being intended to be processed by
the plurality of geographically distributed receirving elec-
tronic devices; and jointly transmitting the incoming signal
and the data from the transmitting electronic device to the
plurality of geographically distributed receiving electronic
devices over a communication network. The communication
network 1s a broadcast or multicast network, and each of the
plurality of geographically distributed receiving electronic
devices 1s capable of receiving the mncoming signal from the
transmitting electronic device over the communication net-
work. And one or more nstructions for performing, at the
plurality of geographically distributed receiving electronic
devices, computing operations on the data are transmitted
from the transmitting electronic device to the plurality of
geographically distributed receiving electronic devices over
an IP network and/or over the communication network.
Thereby, the data can be mexpensively processed and/or
computed using the existing processing resources (e.g.,
CPU, GPU, FPGA, etc.) of each mdividual receiving elec-
tronic device without having to use an expensive supercom-
puter. Moreover, the data 1s efhiciently transmitted to the
receiving electronic devices by using resources 1n the com-
munication network that are otherwise unused. The com-
munication network may be, for example, a television or
similar broadcast network using for example digital terres-
trial television (DVB-T), digital television over satellite

(DVB-S) and digital television over cable (DVB-C), or
similar.

In an example of the first aspect, said jointly transmitting,
the incoming signal and the data may comprise, for the data,
using a bandwidth of an available communication channel
from the transmitting electronic device to the plurality of
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geographically distributed receiving electronic devices other
than the communication channel used by the imcoming
signal.

In an example of the first aspect, the available commu-
nication channel may be empty prior to use to transmit the
data.

In an example of the first aspect, said jointly transmitting,
the mcoming signal and the data may comprise merging a
stream of the incoming signal and a stream of the data into
a single stream 1n a joint communication channel.

In an example of the first aspect, said merging a stream of
the incoming signal and a stream of the data into a single
stream 1n a joint communication channel may comprise
using available bandwidth left by the stream of the incoming,
signal.

In an example of the first aspect, said jointly transmitting
the mcoming signal and the data may comprise jointly
encoding a video signal of the incoming signal and the data
using video compression techniques so as to embed the data
in the video stream of the incoming signal.

In an example of the first aspect, said jointly transmitting,
the mcoming signal and the data may comprise jointly
encoding an audio signal of the incoming signal and the data
using audio compression techniques so as to embed the data
in the audio stream of the incoming signal.

In an example of the first aspect, the data may be or may
be contained 1n the mcoming signal such that transmitting
the incoming signal includes transmitting the data.

In an example of the first aspect, the mncoming signal and
the data may be jomntly transmitted from the transmitting
clectronic device to the plurality of geographically distrib-
uted recerwving electronic devices over a communication
network based on Flynn’s taxonomy.

According to a second aspect disclosed herein, there may
be provided a transmitting electronic device adapted to
perform a method according to any of the first aspect and
examples of the first aspect.

In an example of the second aspect, the transmitting
clectronic device may comprise a managing unit adapted to
receive and manage the incoming signal and the data with
respect to the transmission over the communication net-
work; and a processing unit adapted to process the incoming
signal and the data from the managing unit and jointly
transmit the incoming signal and the data to the plurality of
geographically distributed receiving electronic devices.

According to a third aspect disclosed herein, there may be
provided a system comprising a transmitting electronic
device as claimed 1n any of the second aspect and example
of the second aspect; a plurality of geographically distrib-
uted recerwving electronic devices; and a communication
network over which the transmitting electronic device may
communicate with the plurality of geographically distrib-
uted receiving electronic devices.

In an example of the third aspect, the communication
network may be wireless or wired.

According to a fourth aspect disclosed herein, there may
be provided a computer program product comprising pro-
gram 1nstructions such that, when the computer program 1is
executed on a device, the computing device 1s arranged to
carry out a method according to any of the first aspect and
examples of the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

To assist understanding of the present disclosure and to
show how embodiments may be put into eflect, reference 1s
made by way of example to the accompanying drawings in

which:
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FIG. 1 shows schematically an example of a system of
data distribution according to the present disclosure;

FIG. 2 shows schematically an example of group com-
munication based on the classification MISD in which
multiple instructions operate on one data stream according
to the present disclosure;

FIG. 3 shows schematically an example of group com-
munication based on the classification SIMD (single 1nstruc-
tion, multiple data) in which one instruction operates on
multiple data streams according to the present disclosure;

FIG. 4 shows schematically an example of a distributed
pipeline of data frames based on the SIMD configuration
according to the present disclosure; and

FIG. 5 shows schematically an example of group com-
munication based on the classification MIMD (multiple
instruction, multiple data) in which multiple instructions
operate on multiple data streams according to the present
disclosure.

DETAILED DESCRIPTION

FIG. 1 shows schematically an example of a system 100
of data distribution according to the present disclosure, 1n
which specific data 1s to be distributed over a communica-
tion network 130.

The system 100 may comprise a transmitting electronic
device 110, a plurality of geographically distributed receiv-
ing electronic devices 120, and a communication network
130.

The transmitting electronic device 110 may be a headend
device, 1.e., a kind of master distribution device, where an
incoming signal (e.g., an audio/video (AV) signal, an image
signal, a text signal) and, 11 not contained in the incoming
signal, specific data are received, encoded, multiplexed and
modulated, before being transmitted 1n the form of one or
more data streams to the receiving electronic devices 120
through a communication channel via the communication
network 130. The data stream may be a transport stream
(TS) consisting of data packets, and may be, for example, a
broadcast stream or a multicast stream according to whether
the transmission through the communication channel 1s
respectively from the transmitting electronic device 110 to
all recerving electronic devices 120 (1.e., a one-to-all trans-
mission) or from the transmitting electronic device 110 to
some receiving electronic devices 120 (i.e., a one-to-many
transmission). In that case, the communication network 130
may be designated as a broadcast network or a multicast
network, respectively.

The transmitting electronic device 110 may comprise a
managing unit 110-A and a processing unit 110-B.

The managing umt 110-A may be, for example, a device
of a broadcaster or a pay TV operator, etc., which acts as an
orchestrator (as depicted 1n the example embodiment of
FIG. 1) adapted to manage, with respect to the transmission
over the communication network 130, the incoming signal
and, 11 not contained therein, the specific data which 1s the
data to be processed and/or computed by the receiving
clectronic devices 120. The specific data may be, for
example, one or more of audio data, image data, video data,
text data and/or numerical data. Because the specific data 1s
to be distributed to all or some recerving electronic devices
120 with the intention to be therein processed and/or com-
puted using their CPU and/or GPU resources, it will be
designated, in the following, as the “compute target data”. In
addition, the managing unit 110-A may be adapted to fulfil,
for example, one or more of the following functionalities:
authentication and authorization, managing and monitoring
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dynamic resources, workload management, scheduling and
queuing, credit management, utilization and load balancing,
delivering algorithms and data, cross validation and correc-
tion of result and/or credit falsification, among others.

The processing unit 110-B may comprise at least an
encoder, a multiplexer and a modulator as depicted in the
example embodiment of FIG. 1, i order to respectively
encode, multiplex and modulate according to a standard or
a protocol for data transmission the incoming signal and, 1f
not contained therein, the compute target data, which are to
be together distributed as a data stream over the communi-
cation network 130. The standard or the protocol for data
transmission may be, for example, the European-based
consortium standard for the broadcast transmission of digital
terrestrial television (DVB-T), digital television over satel-
lite (DVB-S) and digital television over cable (DVB-C), or
similar, as depicted 1n the example embodiment of FIG. 1.

The receiving electronic devices 120 are separate entities
that are located at geographically different places. The
receiving electronic devices 120 are capable of receiving
signals from the transmitting electronic device (110) over
the communication network 130. The receiving electronic
devices 120 are end-user devices having a computing func-
tionality. They may thus be computing devices, 1.e., elec-
tronic devices equipped with one or more data processing,
units such as a GPU and/or a CPU. For example, the
receiving electronic devices 120 may be televisions (TVs),
set top boxes (STBs), mobile phones, computers, laptops,
PDAs and IoT devices among others. In addition, each
receiving electronic device 120 may comprise at least a
receiver (depicted as “RX”), adapted to receive the data
stream(s) transmitted from the processing unit 110-B (de-
picted by the reference signs @,, @, @) over the commu-
nication network 130. Each receiving electronic device 120
1s adapted to separately retrieve the incoming signal and the
compute target data from the received data stream(s)
through demodulation, de-multiplexing and decoding. In
addition, each receiving electronic device 120 may comprise
a memory (depicted as “MEMORY™), or any suitable stor-
age arrangement adapted to store data that has been pro-
cessed or to be processed. Each receiving electronic device
120 may comprise a field-programmable gate array (de-
picted as “FPGA”) or some other processing arrangement,
adapted to have large resources of logic gates and random
access memory (RAM) blocks to implement complex digital
computations. Each receiving electronic device 120 may
turther comprise an Internet protocol (IP) block (denoted as
“IP”’) adapted to allow an inter-device communication (de-
picted by the reference signs @,, @,, ) over Internet or IP
network. For example, the communication over the IP
network may be between the receiving electronic devices
120 and the managing unit 110-A (depicted by the reference
51gNS @j @, ) and/or between the receiving electronic
devices 120 themselves 1f necessary or useful through their
respective IP blocks. Signals that are small in size can be
transmitted via Internet or IP network because they require
a very low bandwidth. Those signals may be messages
addressed from a receiving electronic device 120 to the
managing unit 110-A and may, for example, consist of
control messages, acknowledgment messages, messages
indicating the computed results and/or requests for authen-
tication, login, key-exchange, etc. In turn, the managing unit
110-A may transmit small-in-size signals to a receiving
clectronic device 120 via Internet or IP network. Those
messages may be, for example, instructions for computing,
the compute target data and/or responses to the requests
received from the recerving electronic device 120.
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It shall be understood that actual transmitting and rece1v-
ing electronic devices 110, 120 comprise many more com-
ponents, and that only the main components are shown in
FIG. 1 for the sake of simplicity.

The communication network 130 1s the network via which
the data streams may be transmitted from the processing unit
110-B of the transmitting electronic device 110 to the
receiving electronic devices 120. Although being depicted as
a (radio frequency, RF) wireless network in the example
embodiment of FIG. 1, the communication network 130 may
also be wired in another example embodiment. The com-
munication network 130 may be adapted to allow a one-way
communication, and jointly distribute the data streams
together with possible instructions from the managing unit
110-A according to a one-to-all transmission (1.e., a broad-
cast transmission) or a one-to-many transmission (1.e., a
multicast transmission). The communication network 130
may be, for example, one of a satellite audio/video broadcast
network, a terrestrial audio/video broadcast network, a cable
audio/video broadcast network, a radio broadcast network,
and so on. The communication network 130 may be, for
example, a TV network or a similar broadcast/multicast
network using, for example, DVB-S, DVB-T, DVB-C, or
similar.

In an example embodiment of joint distribution of the
present disclosure using an available empty or unused
channel, assuming that the compute target data 1s not con-
tained in the incoming signal, the managing unit 110-A may
be adapted to allow the compute target data to be distributed
to the receiving electronic devices 120 using the bandwidth
ol an available communication channel from the transmit-
ting electronic device 110 to the receiving electronic devices
120, which 1s other than the commumication channel used by
the data stream of the mcoming signal and may be addi-
tionally empty (prior to 1ts use 1n transmitting the compute
target data). Normally, non-computing devices other than
the transmitting electronic devices 110 do not tune to that
unused or empty communication channel due to a lack of
information or content that 1s usable for them.

In an example embodiment of joint distribution of the
present disclosure, assuming that the compute target data 1s
not contained in the incoming signal, the managing unit
110-A may be adapted to allow the data stream of the
incoming signal and the data stream of the compute target
data to be merged into a single stream 1n a joint communi-
cation channel by using available bandwidths leit by the data
stream of the incoming signal. This may use, for example,
the “Other Data” section of TS (transport stream) packets
that have available bandwidth left. Indeed, the imcoming
signals (e.g., AV signals, 1mage signal, text signals) 1n the
processing unit 110-B are often encoded with variable bit
rates, thereby leaving available bandwidths 1n the commu-
nication network. The data stream of the incoming signal
and the compute target data may, for example, be allocated
with a different data packet type having 1ts own 1dentifier in
the single stream as shared.

In an example embodiment of joint distribution of the
present disclosure encoding data with the actual video
content and using video compression, assuming that the
compute target data 1s not contained 1n the incoming signal,
the managing unit 110-A may be adapted to allow the
processing unit 110-B to jointly encode the mncoming video
signal and the compute target data using video compression
techniques according to standards (e.g., MPEG-2, MPEG-4,
H.264, HEVC, Theora, RealVideo, VP9, AV1, motion JPEG,
etc.) 1n order to reduce the size or the amount of data needed
for the transmission and embed the compute target data 1n
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the video stream of the incoming signal. Thus, the encoder
of the processing unit 110-B will benefit from this joint
video encoding by compressing the video content of the
incoming signal together with the compute target data
because otherwise encoding them separately will result 1nto
larger data sizes. The compute target data may be, for
example, an 1image, a video or a numerical data.

In an example embodiment of joint distribution of the
present disclosure encoding data with the actual audio
content and using audio compression, assuming that the
compute target data 1s not contained 1n the incoming signal,
the managing unit 110-A may be adapted to allow the
processing unit 110-B to jointly encode the incoming audio
signal and the compute target data using audio compression
techniques according to standards (e.g., MP3, AAC, Vorbis,
FLAC, Opus, WAVE, etfc.) in order to reduce the size or the
amount of data needed for the transmission and embed the
compute target data in the audio stream of the mmcoming
signal. Thus, the encoder of the processing unit 110-B waill
benefit from this joint audio encoding by compressing the
audio content of the incoming signal together with the
compute target data because otherwise encoding them sepa-
rately will result mto larger data sizes. The compute target
data may be, for example, an audio data or a numerical data.

In an example embodiment of joint distribution of the
present disclosure wherein data can be the actual content, the
compute target data may be or may be contained in the
incoming signal itself (e.g., an audio/video (AV) signal, an
image signal, a text signal) such that transmitting the incom-
ing signal includes transmitting the data. In a particular
example, the compute target data may be a movie and the
corresponding movie stream may be the target of the com-
putation to be performed by the receiving electronic devices
120. In that case, the computation may, for example, com-
prise colouring an old movie or analysing a movie which 1s
live on the data stream (e.g., the broadcast/multicast stream).

The managing unit 110-A may be adapted to use distrib-
uted computing methods based on Flynn’s taxonomy, in
order to allow the geographically distributed receiving elec-
tronic devices 120 to compute the compute target data.

As shown 1n the example embodiment of FIG. 2, the
group communication may be based on the classification
MISD (multiple instruction, single data) in which multiple
instructions operate on one data stream. In more detail, the
same compute target data (depicted as “Data™) from the
transmitting electronic device 110 1s processed at each
receiving electronic device 120 (depicted as “Computing
devices™) according to a respective mnstruction (depicted as
“Instructionl, Instruction2, . . . , Instructionn™). In other
terms, each of these receiving electronic devices 120 may
perform a different operation on the same computer target
data. The mstructions may, for example, comprise edge
detection, face detection, colour detection, object detection,
frequency analysis, classifications and all methods of 1mage,
video and data processes, etc. The different instructions may
be provided by, for example, the transmitting electronic
device 110 or some other istructing device to the receiving
clectronic devices 120 over the communication network 130
and/or the IP network.

As shown 1n the example embodiment of FIG. 3, the
group communication may be based on the classification
SIMD (single instruction, multiple data) i which one
instruction operates on multiple data streams. In more detail,
multiple compute target data (depicted as “Data,,
Data,, . . ., Data ) from the transmitting electronic device
110 are processed at each receiving electronic device 120
(depicted as “Computing devices™) according to a same
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8

instruction (depicted as “Instruction”). In other terms, each
of these receiving electronic devices 120 may perform a
same operation on a different compute target data. The
compute target data may be the AV content itself or data
other than the AV content. The 1nstruction may, for example,
comprise movie colorization, anti-aliasing, upscaling,
downscaling, etc. In the case where the compute target data
1s the AV content itself, an advantage 1s that there 1s no data
delivery burden on the IP network. As illustrated in the
example distributed pipeline of FIG. 4, each compute target
data may be one data frame of the AV content itself, each
frame (depicted as “Frame 17, “Frame 27, . . ., “Frame 97)
being 1dentically processed by a respective receiving elec-
tronic device 120 (depicted as “Device 17, “Device 27 and
“Device 37). The processing may take a while due to
computationally intensive algorithms, and the computing
order may be determined by the managing unit 110-A.

As shown 1n the example embodiment of FIG. 5, the
group communication may be based on the classification
MIMD (multiple instruction, multiple data) in which mul-
tiple mstructions operate on multiple data streams. In more
detail, multiple compute target data (depicted as “Data,,
Data., . . ., Data ) from the transmitting electronic device
110 are processed at each receiving electronic device 120
(depicted as “Computing devices™) according to a respective
istruction (depicted as “Instruction,, Instruction,, . . . ,
Instruction, ). In other terms, each of these recerving elec-
tronic devices 120 may perform a diflerent operation on a
different compute target data. In other terms, each of these
receiving electronic devices 120 may perform a different
operation on a different computer target data. The different
instructions may be provided by, for example, the transmiut-
ting electronic device 110 or some other 1nstructing device
to the receiving electronic devices 120 from the communi-
cation network and/or the IP network.

It shall be noted that the receiving electronic devices 120
as computing devices may be not allowed, for security
purposes, to upload instructions for performing computing
operations on the compute target data. In this case or indeed
in any event, the instructions may be uploaded by the
managing unit 110-A of the transmitting electronic device
110 and distributed to the receiving electronic devices 120
over the communication network 130 and/or the IP network.

It shall be noted that the ownership of the receiving
clectronic devices 120 (e.g., TVs, STBs, etc.) may be the
service provider. Using the teachings of the present disclo-
sure, the service provider will thus own a computing grid
with supercomputer abilities provided by the CPU and GPU
resources of each individual recerving electronic device 120,
without having to use an expensive supercomputer.

It shall be noted that the user of the recerving electronic
device 120 may be motivated and awarded to allow usage of
the receiving electronic device 120 by, for example, some
reward or credits or the like from the service provider. These
credits may, for example, be calculated by the following
relationship (1):

.

Cy $C@+C2}Fcfl_ci?r*Mvafaﬁf€+c4*Msrarage+CS$Bnenvark_l_
C™ T ey T ee™ Tt - - (1)
where:
C,,: calculation count of a floating point;

C;: integer calculation count;
M : maximum volatile memory (e.g., random access

volatile®
memory, RAM) usage;
Mo age: Maximum data storage;

B . ... number of bytes corresponding to a usage of the
network;
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T : total usage time of the processing units, where the
index n represents processing units (e.g., CPU, GPU,
FPGA, . . . ) mvolved in the computation, and

¢, : coetlicient of credit contribution, where the mndex n=1,
2,3,4,5,6,7,8, ...

These credits may also be used for other services such as
video on demand (VoD), shopping, conversion to real
money, etc.

To summarise, the present disclosure relates to distribut-
ing data from a transmitting electronic device (110) to
multiple receiving electronic devices (120). In an example,
the method comprises receiving, at the transmitting elec-
tronic device (110), an incoming signal and data, the data
being intended to be processed by a plurality of geographi-
cally distributed receiving electronic devices (120); and
jointly transmitting the incoming signal and the data from
the transmitting electronic device (110) to the geographi-
cally distributed receiving electronic devices (120) over a
communication network (130). The communication network
(130) 1s a broadcast or multicast network and each of the
plurality of geographically distributed receiving electronic
devices (120) 1s capable of receiving the incoming signal
from the transmitting electronic device (110) over the com-
munication network (130). One or more instructions for
performing, at the receiving electronic devices (110), com-
puting operations on the data are transmitted from the
transmitting electronic device (110) to the receiving elec-
tronic devices (110) over the communication network (130)
and/or over an IP network. The transmission of the incoming
signal and the data over the communication network (130)
1s based on Flynn’s taxonomy.

It will be understood that the integrated circuit or proces-
SOr or processing system or circuitry referred to herein may
in practice be provided by a single chip or integrated circuit
or plural chips or integrated circuits, optionally provided as
a chipset, an application-specific integrated circuit (ASIC),
field-programmable gate array (FPGA), digital signal pro-
cessor (DSP), graphics processing units (GPUs), central
processing units (CPUs), etc. The chip or chips may com-
prise circuitry (as well as possibly firmware) for embodying,
at least one or more of a data processor or processors, a
digital signal processor or processors, baseband circuitry
and radio frequency circuitry, which are configurable so as
to operate 1 accordance with the exemplary embodiments.
In this regard, the exemplary embodiments may be imple-
mented at least 1 part by computer soitware stored in
(non-transitory) memory and executable by the processor, or
by hardware, or by a combination of tangibly stored soft-
ware and hardware (and tangibly stored firmware).

Although at least some aspects of the embodiments
described herein with reference to the drawings comprise
computer processes performed in processing systems or
processors, the mvention also extends to computer pro-
grams, particularly computer programs on or 1n a carrier,
adapted for putting the invention into practice. The program
may be in the form of non-transitory source code, object
code, a code imntermediate source and object code such as 1n
partially compiled form, or 1n any other non-transitory form
suitable for use in the implementation of processes accord-
ing to the mvention. The carrier may be any entity or device
capable of carrying the program. For example, the carrier
may comprise a storage medium such as a solid-state drive
(SSD) or other semiconductor-based read access memory
(RAM), a read only memory (ROM) such as a compact disc
(CD) ROM or a semiconductor ROM, a magnetic recording
medium such as a floppy disk or a hard disk, optical memory
devices 1n general and so on.
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The examples described herein are to be understood as
illustrative examples of embodiments of the invention. Fur-
ther embodiments and examples are envisaged. Any feature
described 1n relation to any one example or embodiment
may be used alone or in combination with other features. In
addition, any feature described in relation to any one
example or embodiment may also be used 1n combination
with one or more features of any other of the examples or
embodiments, or any combination of any other of the
examples or embodiments. Furthermore, equivalents and
modifications not described herein may also be employed
within the scope of the mvention, which 1s defined 1n the
claims.

The mnvention claimed 1s:

1. A method of distributing data from a transmitting
clectronic device to a plurality of geographically distributed
receiving electronic devices, the method comprising:

recerving, at the transmitting electronic device, compute

target data imntended to be processed by the plurality of
geographically distributed receiving electronic devices;
and

transmitting the compute target data from the transmitting

clectronic device to the plurality of geographically
distributed recerving electronic devices over a commu-
nication network,

wherein:

the communication network 1s a broadcast or multicast

network;

cach of the plurality of geographically distributed recerv-

ing electronic devices 1s capable of receiving the com-
pute target data from the transmitting electronic device
over the communication network; and

one or more instructions for performing, at the plurality of

geographically distributed receiving electronic devices,
computing operations on the compute target data are
transmitted to the plurality of geographically distrib-
uted receiving electronic devices over a separate net-
work which 1s an IP network and which 1s not the
communication network.

2. The method of claim 1, wherein said transmitting the
compute target data comprises:

using a bandwidth of an available communication channel

from the transmitting electronic device to the plurality
of geographically distributed receirving electronic
devices which 1s empty prior to use to transmit the
compute target data.

3. The method of claim 1, wheremn transmitting the
compute target data comprises transmitting an incoming
signal and the compute target data intended to be processed
by the plurality of geographically distributed receiving elec-
tronic devices.

4. The method of claim 1, wherein said transmitting the
incoming signal and the compute target data comprises:

merging a stream of the incoming signal and a stream of

the compute target data into a single stream 1n a joint
communication channel.

5. The method of claim 4, wherein said merging the
stream of the incoming signal and the stream of the compute
target data into the single stream 1n the joint commumnication
channel comprises:

using available bandwidth left by the stream of the

incoming signal.

6. The method of claim 1, wherein said transmitting the
incoming signal and the compute target data comprises:

jointly encoding a video signal of the incoming signal and

the compute target data using video compression tech-
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niques so as to embed the compute target data in the
video stream of the incoming signal.

7. The method of claim 3, wherein said transmitting the
incoming signal and the compute target data comprises:

jomtly encoding an audio signal of the mcoming signal

and the compute target data using audio compression
techniques so as to embed the compute target data 1n
the audio stream of the imncoming signal.

8. The method of claim 3, wherein the compute target data
1s contained in the mmcoming signal such that transmitting the
incoming signal includes transmitting the compute target
data.

9. The method of claim 3, wherein the mmcoming signal
and the data are jointly transmitted from the transmitting
clectronic device to the plurality of geographically distrib-
uted recerwving electronic devices over a communication
network based on Flynn’s taxonomy.

10. A transmitting electronic device adapted to:

perform a method of distributing data from a transmitting

clectronic device to a plurality of geographically dis-
tributed receiving electronic devices, the method com-
prising:

receiving, at the transmitting electronic device, compute

target data imntended to be processed by the plurality of
geographically distributed receiving electronic devices;
and

transmitting the compute target data from the transmitting

clectronic device to the plurality of geographically
distributed recerving electronic devices over a commu-
nication network,

wherein:

the communication network 1s a broadcast or multicast

network:

cach of the plurality of geographically distributed receiv-

ing electronic devices 1s capable of recerving the com-
pute target data from the transmitting electronic device
over the communication network; and

one or more instructions for performing, at the plurality of

geographically distributed receiving electronic devices,
computing operations on the compute target data are
transmitted to the plurality of geographically distrib-
uted receiving electronic devices over a separate net-
work which 1s an IP network and which 1s not the
communication network.

11. The transmitting electronic device of claim 10 com-
prising;:

a managing unit adapted to receive and manage the

compute target data with respect to the transmission
over the communication network:; and
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a processing unit adapted to process the compute target
data from the managing unit and transmit the compute
target data to the plurality of geographically distributed
receiving electronic devices.

12. A system comprising;:

the transmitting electronic device as claimed 1n claim 10;

a plurality of geographically distributed receiving elec-
tronic devices; and

a communication network over which the transmitting
clectronic device communicates with the plurality of
geographically distributed receiving electronic devices.

13. The system of claim 12, wherein the commumnication
network 1s wireless or wired.

14. A storage medium storing a non-transitory computer
program, the computer program comprising program
instructions arranged such that, when the computer program
1s executed on a device, the program instructions cause the
computing device to:

carry out a method of distributing data from a transmitting
clectronic device to a plurality of geographically dis-
tributed receiving electronic devices, the method com-
prising;:

receiving, at the transmitting electronic device, compute
target data intended to be processed by the plurality of
geographically distributed receiving electronic devices;
and

transmitting the compute target data from the transmitting
clectronic device to the plurality of geographically
distributed recerving electronic devices over a commu-
nication network,

wherein:

the communication network 1s a broadcast or multicast
network;

cach of the plurality of geographically distributed receiv-
ing electronic devices 1s capable of recerving the com-
pute target data from the transmitting electronic device
over the communication network:; and

one or more 1nstructions for performing, at the plurality of
geographically distributed receiving electronic devices,
computing operations on the compute target data are
transmitted to the plurality of geographically distrib-
uted receiving electronic devices over a separate net-
work which 1s an IP network and which 1s not the
communication network.

15. The method of claim 1, wherein the one or more
instructions are transmitted to the plurality of geographically
distributed receiving electronic devices over the 1P network
from the transmitting electronic device.
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